ABSTRACT -(Pollination ecology of Tabebuia aurea (Manso) Benth. & Hook. and T. ochracea (Cham.) Standl. in Central Brazil cerrado vegetation). The pollination ecology and breeding systems of Tabebuia aurea (Manso) Benth. & Hook., and T. ochracea (Cham.) Standl. were investigated in an area of cerrado vegetation in the Federal District of Brazil. These species occur sympatrically, flower massively and synchronously for a month, during the dry season (July to September). Both have diurnal anthesis, with similar floral structures, a yellow tubular corolla and produce nectar. Fourteen species of bees visited both Tabebuia species, but, only three Centris species and Bombus morio, were considered potential pollinators, because of their high frequency on the flowers and their efficiency in carrying pollen. Tests on the breeding systems of T. aurea and T. ochracea demonstrated that boths species are self-incompatible, with late-acting self-incompatibility. The proportion of fruit set from cross pollination (T. aurea 17.2% and T. ochracea 12.3%) in both species was low considering the great number of flowers displayed. This suggests a lack of maternal resources for fruit-set. The great amount of seeds per fruit (about 92 in T. aurea and 285 in T. ochracea) may represent an investment of maternal resources allocated on higher quality of fertilized ovules. 
Introduction
Studies on the breeding systems of co-occuring plant species in the tropics which share pollinators, have attracted a great number of botanists and ecologists (Stiles 1975 , Schemske 1981 , Frankie et al. 1983 , Armbruster 1986 , Silberbauer-Gottsberger & Gottsberger 1988 , Saraiva et al. 1988 , Vogel & Machado 1991 , Barros 1992 , 1996 , 1998 , Oliveira & Gibbs 1994 , Proença & Gibbs 1994 , and may provide some clarification of the phylogeny and genetic trends of the flowering plants.
In the Bignoniaceae family, studies on the breeding systems and pollination revealed some insights of co-evolution with their pollen vectors as it was observed in Tabebuia chrysantha (Borrero 1972) , Pachyptera hymenaea (Barrows 1977) , Campsis radicans (Bertin 1982 (Bertin , 1985 , Jacaranda caroba (Vieira et al. 1992) , Pyrostegia venusta (Gobatto-Rodrigues & Stort 1992) and Tabebuia caraiba (Gibbs & Bianchi 1993) . In this paper, pollination ecology and breeding systems of T. aurea and T. ochracea which occur sympatrically in the Brazilian cerrados are investigated.
Material and methods
The study was carried out in Brasília, Distrito Federal, in the cerrado the woodland savannas of Central Brazil (Eiten 1984) . The fieldwork was conducted at Fazenda Água Limpa/ FAL (15° S, 47°55' W), which is 28 km south of the University of Brasília. At FAL, Tabebuia aurea and T. ochracea are intermingled in open cerrado, but T. aurea is more frequent than T. ochracea (123 individuals for the first and 42 for the second). Fieldwork was undertaken from July to October during 1985/86 and some supplementary studies Phenological observations were done weekly. Flowering individuals were noted at the beginning, the peak (when half of individuals are blooming), and the end of blooming period were registered. Breeding systems were assessed by isolating flower buds in muslin bags just before anthesis. Hand self-pollination, automatic self-pollination (spontaneous), cross-pollination, interspecific pollination and apomixis, were performed. For the three latter treatments, flowers were emasculated before anthesis. As T. aurea and T. ochracea flowers have sensitive tactile stigmas, hand pollination was done by applying pollen on the tip of a flat dissecting needle onto the stigmatic arms. Some post-pollinated flowers were fixed in formalin acetic alcohol at 24:00 hr, 48:00 hr and 72:00 hr, for subsequent studies of development of the pollen tube using decolorized aniline blue and fluorescence microscopy (Martin 1959) . Some flowers were tagged to investigate natural pollination and to compare their fruit production with those of the treatments.
Nectar volume were sampled from bagged flower with a 5 ml capillary pipette and sugar concentration was measured with a pocket refractometer.
Pollination activities were monitored by visual observation and when possible bees were collected and identified. Patterns of visits number per minute (very frequent: about 36, frequent: about 20, rare: less than one) were established to characterize pollinator activities of the more frequent visitors.
Results and Discussion
Phenology -Tabebuia aurea and T. ochracea flowered massively for approximately one month during the dry season and had more than two weeks of synchronous flowering (figure 1). For both species, flowering peak occurs about one week after the beginning of flowering and they had some days of isolated flowering (T. aurea at the beginning, and T. ochracea at the end), as shown in figure 1. The flowering pattern documented in T. aurea and T. ochracea was recognized by Gentry (l974a, b, c, 1976 Gentry (l974a, b, c, , 1992 among the Bignoniaceae of Central America. T. aurea and T. ochracea (figures 2-7) can be included in the cornucopian-type, with great number of flower displayed over several weeks. This seems to be a common pattern for Tabebuia, as it was noted by Frankie et al. (l983) , in T. ochracea ssp. neochrysantha and by Bawa & Webb (l984) Byrsonima (Barros 1992) , Diplusodon (Barros 1996) , Erythroxylum (Barros 1998) and also in some Myrtaceae species (Proença & Gibbs 1994) . This seem to be a common pattern in mass-flowering plants, as suggested by Schemsky (1981) , that synchronic flowering of congeneric may help to attract pollinators and increase pollen flow. However, this floral convergence and possible competition for pollination may increase interspecific pollen transfer and hybridization (Waser 1983 day, they become pale-yellow and the stigma turns brown. The corolla drops about five days after opening. The amount of nectar and its sugar concentration were similar in both Tabebuia species (table 1) with a maximum around 11:00 hr and decreasing from 16:30 h to the end of the afternoon. The similar floral morphology and reward of T. aurea and T. ochracea suggest that these plants are involved in some kind of a floral mutualism. The striking similarities of congenerics, has been documented in some tropical plant species which share pollinators. This was registered by Schemsky (1981) on two species of Costus, by McDade (1985) on five species of Aphelandra, by Stucky (1985) on two species of Ipomoea and also by Frankie et al. (1983) , who reported similar nectar values for some Tabebuia from Costa Rica. Breeding systems -The results of controlled pollinations (table 2), show that T. aurea and T. ochracea set fruits only from intraspecific crosses. Both species matured very low number of fruits in comparison with the high number of displayed flowers. Most flowers dropped about five days after opening, without any sign of ovary enlargement. In both species, pollen tubes were observed entering ovules 24 hours after pollination but, no visible signs of fruits initiation occured up to ten days after pollination, and well after selfed pistils have dropped. In T. ochracea fruit set from natural pollination (l2.3%), was lower than from artificial cross pollination (21.8%), but in T. aurea fruit set from natural pollination was higher (l7.2%), than from hand crosses (15.5%).
Fluorescence microscopy showed no difference of pollen tube growth between crossed and selfed pistils, in either Tabebuia species. Selfing pollen tubes of both species, were observed entering ovules, suggesting late-acting self-incompatibility as shown in figure 3, (T. aurea) . From interspecific crosses, it was observed a strong reaction with deposition of callose on the stigma and pollen tubes were blocked at the style base. Pistils from automatic pollinations, showed very few pollen tubes, while in natural pollination, many pollen tubes were detected reaching the ovules. This phenomenon was registered by Seavey & Bawa (1986) in many tropical trees including Dipterix alata, which is a native cerrado tree. Since then it has been observed other Brazilian cerrado species, as Eriotheca gracilipes (Oliveira et al. 1992) , Jacaranda caroba (Vieira et al. 1992) , Chorisia chodattii, C. speciosa, Tabebuia (Gibbs & Bianchi 1993) , and Siphoneugena densiflora, Blepharocalyx salicifolius and Campomanesia velutina (Proença & Gibbs 1994 ). The late-acting self-incompatibility as observed in T. aurea and T. ochracea, seems to be a good strategy for the maternal parent selects best donors, as they had only one month of mass-flowering blooming, which may attract a great amount of pollinators. Late-acting self-incompatibility has been suggested to be advantageous by Stephenson & Bertin (l983) and by Bawa & Webb (l984) , who argued that it will facilitate the quality control by a plant over the choice of mates and allocations of resources to the progeny. Since these plants produce large number of flowers in order to attract visitors, it would be easier the best developing pistilis than to control the kind of pollen tube arriving to ovaries (Seavey & Bawa 1986 ). Gibbs & Bianchi (1993) , studying the same Tabebuia species, could not find any clear differences in early embriology of selfed ovules, and they were unable to define if self-sterility in the species was reality a self-incompatibility process similar to "classic" incompatibility. Fruit set -The low pattern of fruit set in both Tabebuia, for cross polination (artificial) and natural pollination, shown in table 1, seem unlikely to be caused by lack of pollination, as these plants were massively (artificial) pollinated or abundantly visited by pollinators. It was assumed here that the availability of resources, rather than the number of pollinated flowers, determine of the upper limit to fruit production. In some individuals of T. aurea, which produced more than five hundred flowers, it was observed only one or two fruits (pers. observation). This suggests that in both Tabebuia, the overproduction of flowers probably increase the quality of their offsprings, by the abscission of the "poorest" seeded fruits.
The number of flowers leading to fruit is a result of the number of pollinated flowers, weather conditions, the level of intra -and interspecific competition for pollinators, the number of fertilized ovules, predation of fruit, and fruit maturation, which could act as a genetic sieve which favour pollen genotypes and offspring quality (Stephenson & Bertin 1983 , Stephenson & Winsor 1986 . Fruit maturation in many plant species has been pointed out as a pollinator limitation which reflects the shortage of pollinators or the lack of successful pollination (Schemske 1981 , Bertin 1982 , Aker 1982 , Waser 1983 . It has been also regarded as result of sexual selection in which male genetic success is limited by its ability to reach the ovules, while female fitness is limited by the availability of resources for the egg (Janzen 1977 , Willson 1979 , Stenphenson & Bertin 1983 , the ultimate cause of fruit abortion (Janzen 1977 , Stephenson 1981 , Stephenson et al. 1985 , Lee 1984 . The production of surplus of flowers and the massive abscission as here documented in Tabebuia, suggest that the plants might have some control over their offsprings. Stephenson (1981) , observed that Ceiba pentandra produces 1000 or more flower for each fruit, and Bertin (1982) , showed that in Campsis radicans only 1-9% of flowers develop into fruits. In addition, Stephenson & Winsor (1986) , assumed that Lotus corniculatus aborted the fruits with fewest seeds improving the offsprings' quality. Recently, Henriques (1999) , working with Oratea hexasperma, another cerrado species which blooms at the time as the Tabebuia, assumed that the low fruit production were caused by insufficient pollination, autogamous pollen deposition on the stigma surface and by the resource limitation of maternal parent. Pollinators -It was frequently registered that the uppermost flowers of Tabebuia aurea and T. ochracea canopy were the first to be visited by the arriving bees (pers. observation). Both Tabebuia species were visited by the same spectrum of insects, comprising 14 species of bees (table 3). The visits started about 7:00 h, increase between 11:00 h to 14:00 h, and finished around 16:30 h, in both Tabebuia. Centris violacea, C. albopilosa and C. discolor, were the most frequent visitors, followed by Bombus morio, Eulaema nigrita, Epicharis bicolor, Trigona spinipes, Ceratina sp., Augochloropsis spp., and others. The first four species of bees were considered efficient pollinators because of their high frequency at Tabebuia flowers and also because they could easily contact the anthers and stigmas during flowers visits, which may not occur during flower visits of some of the other bees. Centris, Bombus, Eulaema and Epicharis, seemed to "recognize" Tabebuia flowers, for a long distance of the trees. These bees, mainly Centris and Bombus, arriving and entering very quickly (1-3 seconds) in the corollas making a strong sound. Many times, it was documented that the same bee, visited the same flower, more than once. All bees were more frequent visitors to T. aurea flowers than to those of T. ochracea. The species of Centris were also reported to be the principal pollinators of Tabebuia from Costa Rica, by Frankie et al (l983) . In addition, SilberbauerGottsberger & Gottsberger (l988), considered Centris, Bombus and Xylocopa as the main pollinators of the Bignoniaceae family. The males of Centris species and Trigona spinipes demonstrated aggressivity and many times seemed to deter foraging by some other bees. Trigona spinipes was the only bee observed perforating the corollas of mature buds, damaging pistils of T. aurea and T. ochracea and also perforating fruits of T. ochracea. The observed aggressive behaviour of male Centris, indicates that this bee is territorial and the male are not involved only in feeding activities, but also for searching females (Raw l984) . Such aggressive behaviour may have a useful role in pollination driving-off foraging bees from the canopy and converting geitonogamous visits to xenogamous ones. The activity of the stingless bee Trigona spinipes robbing nectar and piercing of the corollas of both Tabebuia, may also have a positive effect on fruit-set, because many potential pollinators will be forced to visit more flowers in order to get nectar which may increase cross pollination.
From data presented here, it can be concluded that Tabebuia aurea and T. ochracea are selfincompatible and non-apomitic species which rely on the same spectrum of bees for their pollination. It may be suggested that the species are involved in some kind of floral mutualism by the great amount of displayed flowers, which can be advantageous for both species by attracting large number of bees from greater distances and increasing chances of successful and progenies fitness.
